SUMMARY Electrophysiological disturbances were observed in four cases of non-penetrating cardiac trauma. Ventricular tachycardia occurred both as an early and late complication in three, responding to medical treatment in two; it was cured by cryoablation in the other case. The fourth patient developed an isolated conduction defect associated with anteroseptal myocardial infarction, the coronary arteries and left ventricular function being normal.
Non-penetrating injuries to the chest may affect the heart in several ways, including electrophysiological disturbance, in particular cardiac arrhythmia.' 2 Ventricular tachycardia poses a particular problem as it is usually incapacitating and may prove fatal. Though medications may control these arrhythmias, pacing or surgery may be required. 3 We report the electrophysiological consequences of non-penetrating trauma to the heart in four patients: three had ventricular tachycardia including one with a resistant arrhythmia that required operation; the remaining patient developed an isolated conduction defect.
Received for publication 12 September 1979 A 25-year-old man had suffered from recurrent palpitation associated with chest pain and dizziness for five years. During an episode an electrocardiogram disclosed ventricular tachycardia (Fig. 1) ; after cardioversion there were changes consistent with old anterior infarction (Fig. 2) . At the age of 7 years a horse had kicked his chest, throwing him 20 metres. Examination and routine investigations including chest x-ray were normal. Left ventricular angiography showed an apical aneurysm (Fig. 3) (Fig. 4G) ; activation spread across the epicardial surface towards the base of the heart, again being slow along the left border of the aneurysm (Fig. 4D) .
The left and inferior margin of the aneurysm was cryoablated6 and though conduction remained slow over the centre of the aneurysm during sinus rhythm, it proved impossible to reinitiate the tachycardia. The aneurysm was then plicated. The postoperative course was uncomplicated and he has been free from palpitation for two years. 
Discussion
Several mechanisms may be responsible for cardiac damage by non-penetrating trauma to the chest, including sudden acceleration or deceleration, direct compression by the sternum, or sudden increase in intrathoracic pressure7; the last seems applicable to cases 2 and 3. It can be impossible to distinguish between myocardial contusion and direct injury to a coronary artery. A wide variety of electrophysiological manifestations have been seen hours, months, or even years after the injury, including complete heart block and supraventricular and ventricular tachycardia.8-10 Ventricular tachycardia is the most dramatic consequence and may result in syncope or even death; unfortunately, its treatment is often difficult and though there are now many useful antiarrhythmic agents, alternative forms of treatment may occasionally be needed.5 11 12
Acute myocardial infarction with subsequent development of a left ventricular aneurysm, as in case 1, is a well-recognised consequence of nonpenetrating trauma to the chest.13 14 Coronary arteriography has only rarely been performed after traumatic myocardial infarction, the coronary arteries usually being normal; as mentioned, it is unclear whether the infarct results from myocardial contusion or from direct injury to a coronary artery which then recanalises.7 15 The long interval between the trauma and the development of the tachycardia in cases 1 and 3 is noteworthy.
We could not induce tachycardia during the electrophysiological investigation in case 1; a pacing electrode was not inserted into the left ventricle and because of the origin of the tachycardia close to the aneurysm, the right ventricular electrode was almost certainly too distant to allow us to demonstrate the features later seen at intraoperative mapping. At operation re-entrant tachycardia could be provoked from the left border of the aneurysm, with slowing of conduction between normal and abnormal myocardium which could produce changes in refractoriness. At operation it was not feasible to examine the response of the delayed afterpotential to critically timed premature ventricular beats or to assess the pattern of intramyocardial conduction with plunge electrodes.
The successful response to cryoablation after epicardial mapping emphasises the potential value of this approach to the treatment of refractory ventricular tachycardia. This emerges from observations that long-term survivors who had undergone aneurysmectomy for recurrent ventricular tachycardia relapsed after operation when epicardial mapping and cryoablation were not performed16; the arrhythmias might have persisted because the initiating site located in the margin of the aneurysm was not destroyed.16 17 We believe that this is the first occasion in which cryoablation has been used for the treatment of this form of tachycardia. However, medical management may well succeed (cases 2 and 3).
In case 4 the development of electrocardiographic changes consistent with acute myocardial infarction and left axis deviation after chest trauma poses several questions, and raises medicolegal aspects. Left axis deviation in this context implies a disturbance of conduction in the left bundle-branch, perhaps by the effects of contusion. Despite the normal coronary arteries and left ventricular function, it is possible that further electrophysiological manifestations may appear later, including a greater degree of heart block8 or, as in case 1, ventricular tachycardia, even without an aneurysm.5 With greater awareness of the possible electrophysiological effects of injury to the heart, other cases similar to ours will be recognised, and a history of trauma to the chest should be sought in otherwise unexplained arrhythmias and conduction disturbances. 
